Introduction
Electrical prospecting, as a traditional technology of geophysical exploration methods, is mainly based on differences in electromagnetics characteristics and electrochemical of rock (soil), with the temporal and spatial distribution characteristics observations of artificial (natural) electric, electromagnetic, electrochemical field, to determine the electric interface by using quantitative and qualitative interpretation methods, and inferring the occurrence and physical parameters of orebody or geological structural body. In the field of hydrology geology, electrical prospecting can be used to ascertain lithology, division of aquifer and aquifuge, determine the unconsolidated layers and bedrock interface, estimate aquifer water inflow, determine the buried depth of ground-water, find out the fault fracture zone and fissure water development and karst water storage space structure etc., meanwhile, it also can be used to deduce the aquifer hydrogeological parameters of the non-hole area according to analysis on correlation between hydrogeological parameters and electrical parameters of hole area. The method has the characteristics of short time and small cycles, Compared to the use of traditional pumping tests to obtain the parameters of the method. It has practical significance to carry out the development, utilization and resource evaluation of groundwater resources in the research area. In the field of groundwater science and engineering, the study of the quantitative analysis of aquifer structure and attributes with the interpretation of geoelectric parameters changes has made a series of progress in China. With the development of the discipline and the need of the groundwater resources and environmental problems we faced, on the basis of the principle of electrical prospecting method and application of various exploration technique to structure and quantitative interpretation of aquifer parameters is the future research topics to be carried out in the future.
Research Progress of Application of Electrical Prospecting and Exploration of the Structure of the Aquifer
Since the fifties of the 20th century in China began to promote hydrogeological geophysical exploration technology, hydrological geological geophysical techniques, equipment research and application research has some progress, but also laid the foundation for the development of electrical prospecting method.In the 70's, the main use of resistivity method, the penetration of electric field method, the excitation polarization method and the audio frequency electric field method. To the 80's, the hydrological geophysical prospecting work area has been extended to the bedrock fissure water and karst water exploration from the plain area to the mountainous area, the method also appeared on the seismic refraction method, frequency method, etc.At the same time, geophysical exploration in other aspects of engineering geology and hydrogeology also opens up the research field and electrical prospecting in the identification of seawater intrusion, identify the ancient river course, find out the goaf, dam foundation seepage survey, high-rise building site field also plays an important role. In the past few years, the method of electric prospecting in the hydrogeophysical prospecting technology mainly has three kinds of methods, which are induced polarization method, transient electromagnetic method, and frequency domain electromagnetic sounding method.
Induced Polarization Method
Induced polarization method is mainly based on the difference on the rock, the ore and its aqueous solution contained in the IP effect, to detect the underground medium structure, its principle is the induced polarization effect, it is because of polarizability and the pore size, particle size of water-bearing sand gravel size all have relations, so according to this mechanism the Quaternary formation lithology and hydrogeological structure can be detected by IP method.
Shu-cai Li will be excited polarization method in hydrogeological structure advanced prediction of the tunnel, using the resistivity to locate the water storage structure which may be encountered during the tunnel construction, and prevent the occurrence of sudden water inrush geologic. Yun-xing Zhou, Hong-jun Jiao and so on, using four induced polarization method, based on the sounding curve shape, amplitude, Angle of the up (down), characteristic parameters, quantitative divided the stratigraphic section of water catchment area in the east area of Zhengzhou, and established the unary linear regression equation between the apparent resistivity and conductivity coefficient based on linear correlation analysis. Induced polarization method is used to test and compare the well known IP test point curve and planned well test curve by Jin-biao Zhu, the apparent resistivity curve type are consistent, meanwhile can test out the location of the underground water level and the stability of underground confined aquifer.
Transient Electromagnetic Method
Transient electromagnetic method, which is a part of the time domain artificial source electromagnetic method, it is mainly to rock conductivity and magnetic conductivity physical premise, based on the electromagnetic induction principle observe the magnetic field characteristics of secondary magnetic field in the space domain and time domain, detect geological anomaly, then judge at electrical characteristics and scale of different depth underground geological body. This method has the advantages of high detection depth, high construction frequency, low impact on the geological noise, high resolving power and so on.
Bao-xiang Zhang, Chun-hua Liu, study the method to determine brackish water interface, layer structure and so on, and combined with the ground conductivity method in applications of groundwater exploration. Using instantaneous change electromagnetic method to calculate the apparent resistivity values by Zhang Jun, and according to the apparent resistivity anomaly interpretation filled fissure water features, because of areas bedrock aquifer showed obvious low resistivity anomaly, the method for detecting karst groundwater has good effec. Sui-ting Wei also used this method to detect the abnormal wate whicn developed in limestone karst fracture formation on Zhengmei group Baiping coal measure.Song-ying Li use of this method to explore the water source in the underground, according to the change of resistivity to find a lot of low resistivity, identified the water-enriched area of Ordovician limestone.
Frequency-domain Electromagnetic Sounding Method
This method is also called the EH4 electromagnetic imaging system which is joint development of a new concept of conductivity tensor measuring instrument by the EMI and Geometrics in the mid-1990. It uses the principle of electromagnetic measurement and supports audio frequency magnetotelluric sounding and controllable source audio frequency Mt. The exploration depth related to the frequency of electromagnetic wave in the medium, according to the frequency and the difference of apparent resistivity could be used to identify typical underground rock stratum structure and geological structure. EH4 provides a practical new method for the electric prospecting which is 1000m depth within the scope, and has the advantages of easy to carry, low power, light equipment, it is widely used which was first presented in the hydrogeological exploration.
Yan-jie Jiao, Yong-hua Wang applications such as the system identified the geological structure, underground river morphology and water bearing karst zone after the overburden in Yunnan Honghe , meanwhile the drilling location were determined, effectively solve the problem of the local water supply. Fu-xiang Cao, Bing-xi Yin, who use the method to identify the underground aquifer structure, the delineation of the ancient underground river in Xinjiang Minfeng County Andier ranch and Northern Ordos area, find out the hierarchical information of different resistivity corresponding to the aquifer lithology, thickness and groundwater mineralization degree, and anastomosed the drilling information. Yan-li Li base on the surveying results obtained with Stratagem EH4 Electromagnetic Imaging System in Xinwan, Hangzhou Bay area reveals the late Quaternary strata basement, divides the strata lithology, also been applied in distinguishing reservoirs and natural gas layers [1] .
Progress in the Study of the Correlation between Apparent Resistivity and Hydrogeological Parameters
Quantitative evaluation of water bearing property, the determination of hydrogeological parameters and the judgment of some hydrogeological conditions have important practical significance for groundwater resources evaluation and people's production and life. At present Determination of hydrogeological parameters used the most widely and most persuasive means is pumping test, general aquifer water content can be determined, evaluation of water yield of single well, to determine the permeability coefficient, transmissibility, water level, water conductivity, elastic-releasing coefficient, radius of influence and other parameters. But it is well known that, the pumping test also has many disadvantages. For example, the work cycle is long, high cost and pumping test data pump in test workload will also controlled by the pumping effect of the whole process in many factors, the accuracy of the test data should be improved. Therefore, some researchers also were trying to find some new methods to calculate the hydrogeological parameters, such as finding the correlation between apparent resistivity, phase, natural potential and the hydrogeologic parameters, to inversion with the distribution of the hydrogeological parameters of aquifer.
Theoretical Basis
The formation factor and the empirical formula of the relative electrical resistivity and porosity raised by Archie in 1942, thereafter in the study of geotechnical physical state, physical and mechanical properties and Estimation of hydrogeologic parameters in the use of geophysical electrical sounding data achieved some progress [2] . Alger was studied under different salinity conditions, the experiment of the relationship between the average diameter of rock grains and the formation factor in 1966; Croft's experimental and work based on Alger in 1971, application of sandy containing water formation factor as an indication of permeability value [3] . Thomas Kwader also studied the correlation between formation factor and permeability in 1985, and was successfully applied to the evaluation of the aquifer in the southeastern coastal plain of the United States [4] . With Archie puts forward relative resistivity and porosity, empirical formula as the theoretical support to Alger, Croft, Thomas Kwader puts forward the influence factors such as salinity, permeability, rock grain diameter as the clue, the qualitative prove correlation exists the resistivity and porosity and permeability, on the basis of the further research are also beginning to quantitative resistivity and whether there is a correlation between hydrogeological parameters, and also made certain research progress.
Correlation Research Status
In 1982, Guo-an Yao according to the concept of the formation factor proposed by Archie, meanwhile according to the relationship between porosity and permeability coefficient, the empirical formula of resistivity and permeability coefficient, transmissibility and water inflow were introduced, But the inference is without considering the geometry of the pores, according to the empirical formula derived, thus has limitations; Qing-zhou Wang based on the theory of the formation factors proposed by Archie In 1991, such as using electric sounding curve which is the great value and seven groups of electric sounding data and hydrogeological data in Anyang Hebei water source of Anyang city, to establish a posltlve logarithmic regression between aquifer resistivity and the permeability coefficient, and to draw on the isolines of permeability coefficient and ransmissibility, the inversion results are in good agreement with the pumping test [5] ; Jia-jin Li qualitative analysis of the relationship betweent the rock permeability coefficient and shale content by using the relation between the apparent resistivity and the permeability coefficient in 2002, the higher the shale content, The worse the permeability of rock, meanwhile statistics of the lithology and apparent resistivity, found that the larger the lithology, the more the apparent resistivity value is. Then established the regression equation between the apparent resistivity and the permeability coefficient [6] ; in 2006, Hong-wei Shen not only considered the effect on the permeability coefficient of rock porosity, but also take into accounted the rock pore geometry to the influence of the coefficient permeability, there are some relationships betweent the pore size and the shale content of the rock, Based on the analysis of the rock permeability coefficient and the shale content, again according to the electrical logging data to analysis of the relationship between the natural potential , the apparent resistivity and the rock shale content. Finally, the correlation equation has been established and calculated the correlation coefficient [7] ; in the same year, apparent resistivity logging data and rock permeability coefficient were studied by En-jiu Zheng, using 104 groups depending on the permeability coefficient of resistivity and the corresponding lithology established groups of the scatter diagram between rock resistivity and permeability coefficient, which the rock permeability coefficient of the natural logarithm transformation and apparent resistivity has a better correlation, and use this method estimate the permeability coefficient and measured value error is very small [8] ; In 2010, the Dian-sheng Shi, Yu-Min Tian were using electrical sounding data nearby well to solve hydrogeological parameters, the piedmont alluvial accumulation plain area as the test site, the selection of the lateral resistance of the near zone 21 borehole pumping test to get the water ransmissibility and the corresponding well sounding, One variable, logarithmic, index and power exponent are established respectively the correlation scatter diagram, and select one variable linear correlation scatter diagram as a prediction model [9] .
Conclusions
Some progress has been made in interpreting of property parameter, such as aquifer structure and the hydrogeological parameters, by using geophysical exploration methods. Induced polarization method is based on the different polarization effect of each rocks/ores and the relationship between the polarizability and the size of aqueous gravel interstice and particle to inverse the structure of aquifer strata. Though the method is affected by the regional stratigraphy and has multiple solutions, it has widely applied. Transient electromagnetic method has advantages including deep prospecting, construction of high frequency, sensitive response to low resistance and little influenced by noise and shows a better performance in water exploration, especially in Karst groundwater storage structure. Combining with the high density resistivity method may obtain more accurate results. EH4 method a way to infer the corresponding relation of lithology and apparent resistivity with the relation between frequency and apparent resistivity, and has good application prospects in hydrogeological survey in large water supply especially in the detection of Quaternary strata, karst region, bedrock fissure zone.
In a word, electrical prospecting technology with different working principle has its own advantages and disadvantages in the hydrological geology exploration. When determining aquosity of the formation, the high density resistivity method has superiority in determining the high resistance and low resistance, but the low resistance may not be the aquifer, it also likely to be the mudstone of Tertiary; on the other hand, the induced polarization method determine the high resistance and low resistance by the porosity of the through the rock stratum, therefore, the mudstone will exhibits lower resistivity since its porosity is smaller than sand and gravel. Considering the advantages and disadvantages of each method, combining stimulate polarization method with high density resistivity method will get good effect on searching for water. The combination of EH4 method, electric sounding method, and high density resistivity method could help to solve the problem such as the shortage of depth of detecting and exploration gradient, searching for buried metal mine and geothermal survey, identify the Quaternary basement, and so on. Geophysical method choice should be based on the geological background, for example, transient electromagnetic method should be choice in the karst area, and EH4 method is more applicable in the alluvial fan strata.
In the study of correlation that between apparent resistivity and the hydrogeological parameters, previous work were mostly based on the formation factor and the empirical formula of the relative electrical resistivity and porosity raised by Archie as theoretical basis, and considered the effect of rock porosity and pore geometry on permeability coefficient at the same time. Among them, the most widely applied method is based on the lithology correspond to the apparent resistivity that obtained by the electric logging to establish the different types regression equation though the correlation of the apparent resistivity and the permeability coefficient. It possesses a value of application, but It also found that the existence of multiple solutions of problems. The reason mainly has four aspects: (1) There is difference in taking-value method in the post-processing of the resistivity value obtained by electric logging; (2) The discrimination of borehole core lithology may have effect of artificial factor; (3) The geological structure background, degree of relief, and the geoelectric conditions possess considerable variation in each area. (4) Have no quantitative consideration about the effect of the other factors such as salinity, shale content, porosity, moisture content, particle size, and so on.
Research Advances
The application of geophysical exploration technique in hydrogeology field is an evolutionary process. Three directions of the technology development has been made based on the summarization of previous research and application result in order to achieve more accurate understanding of the hydrogeological conditions in the research regional and quantitative interpretation of aquifer parameter: (1) The application of electrical prospecting in aquifer structure interpreting has made some progress, but it still has many problems. Only complement each geophysical exploration methods to adopt its advantages and avoid its weakness, and finding a comprehensive geophysical prospecting method that select suitable methods according to different geological structure background can solve some problems. (2) Combination of geophysical detection results, hydrogeology drilling lithology distribution, and pumping test hydrogeological parameters can make the application of geophysical prospecting partial replaced the drilling and pumping test in hydrogeology survey, so that can bring about cost-savings. It may provide a new way for hydrogeological investigation and have significant effect especially in the division of aquifer and water-resisting layer in the quaternary system and the estimation of hydrogeological parameter. (3) The interpretation of aquifer parameter and the correlation of geophysical parameters, lithology, and hydrogeological parameter can not only consider the effect of a factor. It should be a comprehensive analyze each influence factor and then statistics and solving according to the different geological background can get more satisfactory result.
